INTRODUCTION
Since its introduction in the mid-1990s, antiretroviral therapy (ART) has reduced the morbidity and mortality of HIV-infected patients worldwide. [1] [2] [3] Nevertheless, despite progress, access to these lifesaving drugs remains limited where the need is the ARTICLE SUMMARY Article focus ▪ The measurement of CD4 cell counts and viral load require equipment beyond the capacity of most laboratories in low-income and middleincome countries. ▪ There is an urgent need to test simple markers to guide the optimal time for starting antiretroviral therapy (ART) in these settings. ▪ The objectives of the study were: (1) to evaluate anthropometric measurements and a soluble form of the urokinase plasminogen activator receptor (suPAR) levels as potential risk factors for early mortality in an urban cohort of HIV-infected patients in Bissau and (2) to assess whether these markers may add information to CD4 cell count and aid in selection of patients most in need of ART.
Key messages
▪ A low body mass index, low middle-upper-armcircumference (MUAC), low CD4 cell count and high suPAR plasma levels were independent predictors of early mortality in patients enrolled in this cohort. ▪ Mortality among patients with a low CD4 cell count, low MUAC or low BMI was concentrated in the highest suPAR quartile. ▪ MUAC and suPAR could be useful in identifying patients at the highest risk of short-term mortality and may aid triage for ART when CD4 cell count is not available or when there is shortness of antiretroviral drugs.
greatest, especially in subSaharan Africa. 4 Treating HIV patients in low-income and middle-income countries (LMICs) means working in a context of poor healthcare infrastructure and limited human resources. 5 To provide sustainable access to ART to these regions, models of care must be adapted to the realities of the developing world. 6 Simplification and decentralisation of treatment are essential components of a successful strategy for scaling-up ART. 6 In this concept of simplification the whole process of providing antiretroviral (ARV) drugs should be covered, starting with setting simple inclusion criteria for an ART. In industrialised countries, decisions about when to start combined ART are based on CD4 T-cell (CD4) cell count and plasma viral load (VL), two of the strongest predictors of survival in HIV patients. 7 8 However, these measurements require equipment beyond the capacity of most laboratories in LMICs. 9 10 Until accessible and affordable means of measuring CD4 cell count and VL become widely available, there is an urgent need to develop and test simple markers or clinical criteria to guide the optimal time for starting ART in the developing world. 11 Previous studies have shown that HIV patients with low haemoglobin level, low body mass index (BMI), [12] [13] [14] advanced WHO-clinical stage, high-plasma levels of a soluble form of the urokinase plasminogen activator receptor (suPAR) 15 or with detectable cryptococcal antigenaemia 16 17 are at a higher risk of dying during the first months of follow-up. 18 Weight loss is the only nutritional criterion used in the WHO classification system 19 but has the disadvantage that it is not available at the first consultations because most patients do not know their normal weight. 13 BMI (weight in kilograms divided by height in metres squared) has been confirmed to be an easy-to-measure alternative to weight loss to predict survival in both, developed 14 and developing countries. 12 13 20 Different BMI thresholds have been proposed to identify patients with a poor survival; 12 13 however, this indicator has the limitation that it cannot be used in patients too weak to stand. Middle-upper-arm circumference (MUAC) can be easily measured on all patients, including bedridden ones, and does not require further calculations. Nevertheless, studies assessing this marker in HIV adults in LMICs are scarce.
SuPAR is a risk biomarker protein that reflects the level of immune activation and inflammation. 21 It is known that immune activation plays an important role in the pathogenesis of HIV infection. [22] [23] [24] [25] High blood levels of suPAR have been associated with poor clinical outcome and independently predict mortality in non-ART-treated HIV infected patients. 15 24 26 27 Furthermore, plasma concentrations of suPAR can be measured using a simple ELISA or lateral flow quick tests and thus require less-sophisticated laboratory infrastructure than that needed for routine measurements of CD4 count or plasma VL.
The rollout of ART in Guinea-Bissau started in 2005. All treatments are free of charge in the country, however during the later years frequent shortages of ARV drugs and reagents for CD4 count equipment, have hampered the management of HIV patients in the country and has enforced clinicians to prioritise treatment among eligible patients. 28 The objectives of the present study were: (1) to evaluate anthropometric measurements, other than weight loss and measurement of suPAR levels as potential risk factors for early mortality in an urban cohort of HIV-1, HIV-2 and HIV-double-infected patients; (2) to examine whether these markers could help in identifying patients to whom ART should be prioritised when CD4 cell count is not available or in situations of shortness of ARV drugs and (3) to assess whether these markers may add information to CD4 cell count and aid in selection of patients most in need of ART among eligible patients when VL is not available.
METHODS

Setting
The Republic of Guinea-Bissau has an estimated population of 1 600 000 inhabitants and an economy based primarily on farming and fishing activities. More than 2/3 of the population lives below the poverty line. 29 Ranking 176 out of 187 countries on the United Nations Human Development Index 2011, it is one of the poorest countries in the world. 30 The HIV National Programme was implemented by the Ministry of Health (MINSAP) in 2005. The combined ART is free of charge in the country, the cost being fully subsidised by the Global Fund to Fight AIDS, Tuberculosis (TB) and Malaria, the Brazilian Government and other international partners. 31 At the beginning of 2010, there were 26 ART centres in Guinea-Bissau, with more than 7000 patients on a follow-up and 2764 patients on treatment. 32 
Study population
The National Simão Mendes Hospital (NSMH), located in the capital, Bissau, is the reference hospital in the ARTICLE SUMMARY Strengths and limitations of this study ▪ Data presented could help health providers to identify patients with the highest risk of short-term mortality and to prioritise treatment among eligible patients in a context of poor healthcare infrastructure. ▪ There are several limitations to this study. First, information on all four investigated risk factors (CD4, suPAR, BMI and MUAC) was only available in 58% (628/1083) of our population. Second, WHO-stage, pregnancy status and comorbidities presented at the time of inclusion were not recorded in the database. Third, contact information for some patients was not sufficient to allow active tracing in case of missed appointments. Thus, it is likely that patients lost to follow-up may include unascertained deaths and that the effects of the risk factors are underestimated in our work.
country. The outpatient ART centre of NSMH (ART-NSMH) is the largest ART centre in Guinea-Bissau in terms of patients on a follow-up. At the end of 2009, one-third of the patients on ART in the country were followed in this centre. 32 The present study population includes all HIV-infected patients, aged 15 years and older, included in the Bissau-HIV cohort between July 2007 and December 2009. The aims and characteristics of the cohort have been described elsewhere. 32 During the study period, National ART guidelines were based on the 2002 WHO recommendations. 33 The standard first-line ART for HIV-1 patients comprised Zidovudine (AZT), Lamivudine (3TC) plus a non-nucleoside reverse transcriptase inhibitor (NNRTI) (Efavirenz (EFV) or Nevirapine (NVP)). Regarding HIV-2 and dually infected patients (HIV-1+2), the standard first-line comprised AZT, 3TC plus Indinavir/ritonavir (IND/rtv). ABC was offered as an alternative to the protease inhibitor (PI) when CD4 count was over the 200 cells/μl threshold. Stavudine (d4t) was the alternative to AZT for patients with anaemia (haemoglobin ≤8 g/dl) in all groups.
Study description
Information about the study was provided by experienced assistants at the time of inclusion in the Bissau-HIV cohort. After signing the consent form, an interview was carried out using a structured questionnaire and a venous blood sample of 8 ml was collected in a Microtainer evacuated blood collection system with additives (K2EK2EDTA-Greiner bio-one, USA). As part of the inclusion, height (without shoes) and weight were measured for all patients able to stand. MUAC was measured on the left arm at the mid-point between the tip of the shoulder and the tip of the elbow using a TALC insertion tape (Teaching Aids at Low Cost, St. Albans, England).
Laboratory methods HIV testing
HIV screening was carried out using a rapid test (Determine HIV-1/2 assay (Abbott Laboratories, Abbott Park, Illinois, USA). Patients testing positive were sent to the National Public Health Laboratory (NPHL), the reference laboratory in the country, for confirmation and discrimination. Capillus HIV-1/HIV-2 (Cambridge Diagnostics, Galway, Ireland) as well as Immunocomb II HIV-1&2 Bispot (Orgenics, Yavne, Israel) were the tests used. SD Bioline (HIV 1+2 SD Bioline HIV 1/2 3.0 rapid test, Standard Diagnostics, Inc, Korea) was used in the clinic when quick medical decisions were needed or when there was a rupture of stock of reagents in the NPHL.
CD4 cell count CD4 cell counts were obtained using the Partec CyFlow SL_3 (Cyflow SL, Partec, Munster, Germany) at the NPHL.
Plasma suPAR measurement Plasma samples were stored at-20°C at the NLPH and sent to Denmark and measured using the suPARnostic ELISA kit (ViroGates, Copenhagen, Denmark) according to the manufacturer's instructions. One kit served to process 82 samples in <2 h. The interassay variation of a control sample run on all plates was 12%.
Statistical methods and analysis
Data were entered into an Access database by trained data entry staff and the analysis was carried out using STATA V.11. Patients who did not attend the clinic for two consecutive months (missed two scheduled visits) and for whom vital status was unknown were registered as lost to follow-up (LTFU). 34 Patients LTFU were contacted by the staff whenever a telephone number was available. In case a patient died the time of death was obtained from hospital records or relatives.
Follow-up was restricted to 6 months. Person-time was calculated from inclusion date until death, permanent deferral or the end of the study, whichever came first. Patients LTFU and transferred patients were included in the survival analysis until the last day they were known to be alive.
We estimated the overall incidence of mortality and studied risk factors associated with death using Cox proportional hazard models using age as the underlying time variable. Baseline explanatory variables were age, sex, HIV type, BMI, MUAC, suPAR plasma levels and baseline CD4 cell count (with two cut-off points tested: ≤200 and ≤350 cells/μl). A normal BMI was defined as 18.5-24.9 kg/m 2 and malnutrition was defined as a BMI<18.5 kg/m 2 according to the United Nations FAO criteria. 35 Low MUAC was defined as MUAC ≤250 mm.
A forward selection procedure for selecting predictive markers with p<0.05 was used to create a multivariate Cox model. Mortality according to CD4≤350 cells/μl, BMI≤18.5 kg/m 2 and MUAC≤250 mm were further assessed by Kaplan-Meier curves. Receiver operating characteristic (ROC) curves were applied to assess the prognostic capacity of each marker and the area under the curve (AUC) was presented. The Youden Index 36 was used to calculate the cut-off yielding the maximal joint sensitivity and specificity. Measurements of MUAC, BMI and especially suPAR were not available for all patients (see online Supplementary data file 1). Some patients were too sick to stand to measure height and weight. Consequently, mortality was very high in the group with the BMI information missing. The predictive capacity of BMI has therefore been penalised in the analyses where these missing observations have been excluded. Many suPAR measurements were missing because samples were lost during transportation from Guinea Bissau to Denmark.
Populations described ▸ Entire cohort: ART-naïve patients with CD4 cell count available at inclusion and seen at least once after recruitment (n=1083).
▸ and suPAR available (n=628). Out of them, 625 contributed with pre-ART risk time.
Ethical considerations
The study was approved by the National Ethics Committee of Guinea-Bissau. All participants were counselled and provided with informed written consent before their inclusion in the study. There were no statistically significant differences in BMI, MUAC or suPAR according to sex or HIV type. Baseline characteristics of the cohort are summarised in the online supplementary data file 1.
RESULTS
Study population
The parameters of organ function creatinine, Aspartate aminotransferase (AST) and Alanine aminotransferase (ALT) were measured at inclusion. The median concentration was 0.8 mg/dl (IQR 0.6-1) for creatinine (n=534), 30 UI/L (IQR 20.3-43) for AST (n=436) and 17 UI/L (IQR 10-27.3) for ALT (n=430). The correlation with suPAR was 0.18 for creatinine (p=0.002), 0.15 for AST (p=0.011) and 0.12 for ALT (p=0.04).
Overall risk factors for mortality
During follow-up there were 120 deaths, 178 were LTFU and 23 patients were transferred to other centres (study profile of the study available in online supplementary data file 2). Forty-one patients returned to the clinic after being considered LTFU. With 426 person-years of observation (PYO) in the study, the overall death rate was 28 per 100 PYO.
Including the time before and after the initiation of treatment, the overall mortality HR was 4.98 (3. Marker sensitivity and specificity: cut-offs leading to the highest combined value The optimal combination of sensitivity and specificity to predict mortality within 6 months was obtained at the following cut-offs: CD4 91.8 cells/μl (sensitivity 0.64 and specificity 0.72), BMI 18.9 kg/m 2 (sensitivity 0.65 and specificity 0.63), MUAC 249 mm (sensitivity 0.71 and specificity 0.63) and suPAR 5.4 ng/ml (sensitivity 0.71 and specificity 0.76).
Evaluation of prognostic markers: MUAC and BMI
In table 1 are given the results of the assessment of the strengths of the prognostic markers in a situation where suPAR was not available. The analysis included population A with 1054 patients with available MUAC, BMI and CD4 information. It was seen that only CD4≤350 cells/μl and MUAC≤250 mm had significant capacity to predict pre-ART mortality in the multivariate model. A similar result was observed using CD4≤200 cells/μl instead of CD4≤350 cells/μl (data not shown). This information suggests that MUAC adds predictive information to the CD4 cell count. Table 2 further gives the pre-ART predictive capacities of CD4, BMI and MUAC measured by the area under the ROC curve (AUC), where it is observed that MUAC measurement has a capacity close to CD4 count. In table 3 , are provided the results of the assessment of the strength of the prognostic markers in population B with suPAR, MUAC and BMI information available (n=628). It was observed that only CD4≤350 cells/μl and suPAR had a significant capacity to predict pre-ART mortality in the multivariate model. Table 2 gives the predictive capacities of CD4, BMI, MUAC and suPAR measured by AUC. It is noted that suPAR had the largest AUC; it was significantly larger than that for BMI ( p=0.02) but not for CD4 ( p=0.75) and MUAC ( p=0.15). ROC curves corresponding to this analysis are illustrated in online supplementary data file 3.
Prognostic value of suPAR
We further analysed whether baseline suPAR added information on 6-month survival in high-risk patients defined as: patients with CD4≤350 cells/μl, BMI≤18.5 kg/m 2 or MUAC≤250 mm. Mortality was again concentrated in the highest suPAR quartile (figure 1). The HR was respectively, 8.76 (3.44 to 22.3), 8.49 (1.79 to 40.4) and 6.76 (2.18 to 21.0) in the three groups.
When CD4 count is not available
We also assessed if suPAR, MUAC and BMI could help prioritise ART initiation if CD4 is unavailable. We created high-risk groups based on different combinations of the lowest CD4 quartile (CD4≤92 cells/μl), the lowest MUAC quartile (MUAC≤231 mm) and the highest suPAR quartile (suPAR>5.31 ng/ml). We compared sensitivity and specificity in these groups to those of CD4≤200and ≤ 350 cells/μl. In addition, we present the performance of MUAC≤250 mm corresponding to situations when no other measures were available. The results in table 4 show that the highest sensitivity was obtained by using both CD4 and suPAR. Adding MUAC just seemed to decrease specificity. Combining CD4 and These combinations gave similar sensitivity as CD4≤200 cells/μl, but higher specificity. For reference, we observed that a sensitivity of 72% could be obtained using only MUAC≤250 mm in situations where nothing else is available.
DISCUSSION
Our data suggest that BMI, MUAC and suPAR levels are independent risk factors for early mortality in HIV patients in the Bissau-HIV cohort. Other studies in Africa have assessed the short-term prognostic value of nutritional indicators at HIV diagnosis on survival. 12 13 20 37 These studies showed a correlation between a low BMI at enrolment in HIV care and subsequent higher mortality. In studies with CD4 count available, it was also shown that this association was independent of the immune status. 12 13 In our study, MUAC showed better results than BMI and it was found that an MUAC cut-off of 249 mm predicted early-mortality with good sensitivity and specificity. The disagreement with previous studies may in part be explained by the fact that BMI was missing in patients too weak to stand in our cohort, and thus, with poor prognosis. Measurement of MUAC only needs minimal resources and does not require sophisticated clinical skills. Moreover, MUAC has the advantage that it can be measured in bedridden patients and does not need further calculations. However, studies using this anthropometric marker in adults are scarce in LMICs.
In a previous study done among Ethiopian HIV patients, the MUAC did not have a prognostic value on survival while BMI had. 13 Nevertheless, due to the good prognostic strength observed in this study and the simplicity of the MUAC measurement, future studies could easily include and test this marker. With regard to suPAR, studies conducted in pre-ART HIV patients have demonstrated that the circulating levels of this marker are linked to immune activation and independently predict mortality and disease progression. 26 27 This observation was confirmed in the present study and extended to patients that start ART. It should be noted that although a high suPAR level at inclusion was still significantly associated with an increased risk of mortality post-ART initiation, the HR post-ART decreased almost fourfold in the highest suPAR quartile (table 3) . Thus, initiation of ART reduces the risk of mortality in patients with high inclusion suPAR. Nevertheless, patients with high inclusion suPAR should receive further clinical and diagnostic examination to identify the reasons for an increased risk of mortality. A recent study by Haupt et al 38 showed that suPAR was strongly correlated to the Charlson Score, with increasing number of comorbidities with increasing suPAR.
While comorbidities or coinfections were not determined in all patients in the present cohort due to limited resources at the time of the study, subsequent studies in the Bissau-HIV cohort have found an HBV coinfection rate of 11.5% 39 while antibodies against HCV (anti-HCV) were positive in 4% of subjects tested and most frequent among patients >50 years. 40 In this study, no significant difference in death rate was observed between HBV-positive and HBV-negative HIV patients. 39 With regard to other coinfections, TB is a common disease in Guinea-Bissau, where a community study estimated the incidence of this disease to 471 per 100 000 persons-years. 41 We have recently shown that an elevated suPAR is associated with an increased risk of mortality for TB patients on treatment in Guinea-Bissau. 42 In addition, resent work has shown that suPAR's prognostic value might be related to its ability to display organ dysfunction. 43 Future studies should register comorbidities, organ biomarkers and test for coinfections to determine whether elevated suPAR is associated with higher prevalence of these conditions. If so, this knowledge could help designing decision trees on tests that can be carried out on HIV-patients with high suPAR levels. Moreover, our results suggest the plasma level of suPAR in HIV-infected patients adds significant information to that provided by CD4 count. In this study plasma VL was not measured, however previous studies have found only a weak or inexistent relation between suPAR levels and VL 15 24 26 27 44 and it was seen that changes in plasma suPAR were independent of changes in VL and CD4 cell count, but were strongly correlated with plasma levels of the soluble tumour necrosis factor receptor II. Therefore, it should be noted that suPAR is not a replacement for VL or CD4 count. SuPAR seems to have a potential as a risk status marker while VL is a marker of treatment efficacy. Whether suPAR also has potential as a marker of treatment efficacy still remains to be investigated. Thus CD4, VL and suPAR, all add independent information to the prognosis of the patient.
Additionally, our data show that the HR associated with the risk markers decreased following ART enrolment. Opposed to CD4, we observed that BMI, MUAC and suPAR continued to carry prognostic information after ART initiation. This indicates that those patients with a high baseline risk should receive further clinical and diagnostic examination to identify the reasons for increased risk of mortality.
Lastly, according to the new WHO ART guidelines, 45 ART should be offered to all patients with CD4 count below 350 cells/μl irrespective of the WHO clinical stage. Lack of health infrastructure or shortness of ARV drugs will hamper the implementation of these guidelines in many developing countries. When many patients access HIV care with advanced HIV infection it is difficult to start treatment to all patients that fulfil ART eligibility. Furthermore, drug shortages have been previously identified as one of the greatest logistic challenge to ART scale-up in subSaharan Africa. [46] [47] [48] In the context of limited resources, prioritising who should start ART first is not a choice, but a practical necessity. In the present study, we observed that MUAC and especially suPAR add prognostic information on early mortality to the CD4 cell count. Also, we observed that none of the 197 patients with suPAR below median and CD4 above 200 died during the follow-up period. Interestingly, patients with low suPAR show very little mortality even in the groups with CD4<350 cells/μl, or low MUAC or low BMI (figure 1). We are currently investigating whether HIV patients enrolled into ART treatment and characterised as good responders (adherent and CD4>350 cells/μl) and with low suPAR can have reduced monitoring thereby reducing costs of the ART programme.
Furthermore, a combination of CD4 and suPAR gave better sensitivity and specificity compared to CD4≤350 or ≤200 cells/μl alone. Using the CD4/suPAR combination, we would reduce the need to start ART immediately to 38% of the patients compared with 73% using only the 350 cells/μl CD4 count threshold. This information may have important public health implications in settings with limited resources and ARV drug shortages. Health providers could combine CD4 with suPAR to identify patients in immediate need of treatment when scarce drug resources have to be prioritised. Besides suPAR, a combination of CD4 and MUAC could give the same sensitivity as CD4≤200 cells/μl but a better specificity. Actually, this combination could give a sensitivity which is only slightly smaller than CD4≤350 cells/μl.
Finally, we observed that suPAR and MUAC carried the same prognostic information as CD4 and MUAC. The combination of suPAR and MUAC gave same sensitivity and higher specificity compared to CD4≤ 200 cells/μl. To summarise, these markers could help identifying patients to whom ART should be prioritised when the CD4 cell count is not available. Finally, we found that MUAC alone can be used as a very simple prioritising tool if nothing else is available.
There are several limitations to this study. First, complete information about risk factors (CD4, suPAR, BMI and MUAC) was only available in 58% (628/1083) of our population. This was mainly due to lack of suPAR levels that were not measured in 40% of the patients. The reasons for not having this information available were due to logistic reasons not related to healthcare or mortality, thus we think that it should not affect the general trends presented. Second, WHO-stage, pregnancy status and comorbidities presented at the time of inclusion were not recorded in the database. Furthermore, while a high suPAR was strongly related to mortality, specific causes of mortality were not registered. In a recently published systematic review describing relative causes of early mortality post-ART initiation in different regions, the most common causes of death reported were TB, advanced HIV, wasting, chronic diarrhoea and others. 49 It is unclear what proportion of wasting in HIV patients could be attributed to TB or other opportunistic infections, but it is likely that TB is playing an important role as described in an autopsy study in South Africa where TB was identified as the most common cause of death in patients on ART. 50 With the high TB incidence described in Guinea-Bissau, 41 it is plausible that TB has an important contribution to the mortality in the Bissau-HIV cohort, however only future studies describing causes of death in this setting could help corroborate or reject this hypothesis. Third, contact information for some patients was not sufficient to allow active tracing in case of missed appointments.
